Density and speed of sound were measured earlier by us for binary liquid mixtures formed by Benzonitrile, Chlorobenzene, Benzyl chloride and Benzyl alcohol with Benzene at temperature range 298.15 to 313.15 K and atmospheric pressure over the whole concentration range. Pseudo-Gruneisen parameter and internal pressure were derived from the measured values of density and ultrasonic velocity. These values were compared with the theoretical values obtained by the utilization of Flory theory, Ramaswamy and Anbananthan model and model suggested by Glinski to predict the behavior of weakly interacting liquids. The observed properties derived from measured data were fitted to Redlich-Kister polynomial relation to estimate the binary coefficients and standard errors. Excess Pseudo-Gruneisen parameter for these binary mixtures was computed to study the molecular interactions involved in the liquid systems.
Introduction
Gruneisen parameter is an important tool to study the thermodynamic and other properties of solid crystalline lattice [1] .The concept of anharmonicity of the lattice is characterized by the Gruneisen parameter. It is well established that liquids support a quasi-crystalline model for their structure, the lattice nature being increased at high pressure and low temperature and the Gruneisen parameter can be used to study them. Its pseudo counterpart has been found to be suitable to investigate the internal structures, clustering phenomenon and other quasi crystalline properties of liquids, liquid mixtures [2] [3] [4] [5] , liquefied gases [6] , liquid metal alloys [7] and higher alkanes [2] .
The role of internal pressure in liquid solution thermodynamics was recognized by Hildebrand [8] . The use of this property for a long time was qualitative but recently its usefulness has been explored for quantitative study of intermolecular forces. Pioneer attempts have been made by several workers [9] [10] [11] [12] [13] [14] [15] to study the significance and its correlation with other properties. The internal pressure can be computed by indirect methods as suggested by Suryanarayan. In recent past, substantial amount of work has been carried out by many workers to study the excess thermodynamic functions like excess internal pressure; excess energy of vaporization, excess pseudo-Gruneisen parameter is still in progress [16] [17] [18] [19] [20] .
In the present investigation, Pseudo-Gruneisen parameter, excess pseudo-Gruneisen parameter and internal pressure were derived from the measured values of density and ultrasonic velocity [21] for binary liquid mixtures formed by Benzonitrile, Chlorobenzene, Benzyl chloride and Benzyl alcohol with Benzene at temperature range 298.15 to 313.15 K and atmospheric pressure over the whole concentration range. A comparison of experimental and theoretical speed of sound is provided in Table 1 . These derived values of pseudo-Gruneisen parameters were compared with the theoretical values obtained by the utilization of Flory theory [22] [23] , Ramaswamy and Anbananthan model [24] and model suggested by Glinski [25] to predict the behavior of weakly interacting liquids. The observed properties derived from measured data were fitted to Redlich-Kister polynomial relation [26] to estimate the binary coefficients and standard errors.
Theoretical 2.1 Flory Theory
Assuming two body interactions, Flory evaluated the reduced and characteristic parameters of the liquid mixture from the reduced equation of state derived from the resulting partition function as; (1) where, ̃= * , ̃= * , and ̃= * that are reduced parameters and P*,T*,V*are characteristic parameters. The coefficient of thermal expansion, α, is evaluated from the reduced equation of state as:
(2) adiabatic and compressibility is given by,
where u and  are experimental speed of sound and density of binary liquid mixture. By combining above equations Pseudo-Greneisen parameter for liquid mixtures is obtained as;
where P is the thermal pressure coefficient related to the following expression as;
P is also related to internal pressure of the liquid mixture as;
= .
For observed value of Pesudo-Gruneisen parameter, P is evaluated by the relation as; =
Thermal expansion coefficient, α and adiabatic compressibility, T are defined as;
Ramswamy and Anbananthan Model
Ramswamy and Anbananthan [24] proposed the model based on the assumption of linearity of acoustic impedance with the mole fraction of components. Further it is assumed, that an equilibrium physical property such as viscosity, refractive index, surface tension etc which are based on linearity can also be predicted. Glinski [25] assumed that when solute is added to solvent the molecules interact according to A+B ↔ AB (10) and the association constant, Kas, can be defined as; 
The general idea of this model can be, however, exploited as;
where CA and CB are initial molar concentrations of the components. One can take any value of association constant, Kas, and calculate the equilibrium value of [AB] for every composition of the mixture. Replacing molar concentration by equimolar activities for concentrated solution, Eq. (14) becomes,
where aA, aB and aAB are the activity of component A, Component B and associate, AB respectively. Similarly, assuming any value of peudo-Gruneisen parameter for hypothetical pure component AB, the peudoGruneisen parameter of liquid mixture, Гcal can be calculated by substituting the value of association constant. Now, it is possible to compare the peudo-Gruneisen parameter calculated using Eq (14) (16) where Гobs and Гcal are the observed and calculated peudoGruneisen parameter respectively.
The minimum value of S can be obtained theoretically by a pair of the fitted parameters. But we found that for some Kas and ГAB, the value of S is high and changes rapidly, and for others, it is low and changes slowly when changing the fitted parameters. The condition which is prevailing in the process of adjustment is that the value of ГAB should not be much lower than the lowest Гobs of thesystem or much higher than the highest one. Quantitatively, it should be reasonable to accept the pair of adjustable parameters Kas and ГAB which has the physical sense and which reproduces the experimental physical property satisfactorily.
On inspecting the results obtained from Ramaswamy and Anbananthan model, Glisnki [25] suggested the equation assuming additivity with the volume fraction,  of the components, the refined version of Natta and Baccaredda model [27] as,
where Гcal is the theoretical peudo-Gruneisen parameter of binary liquid mixture, A, B are the volume fractions of component A and B and ГA, ГB and ГAB are the peudo-Gruneisen parameter of components A, B and AB. The numerical procedure and determination of association constant, Kas, were similar to that described before and the advantage of this method as compared with the earlier one was that the data on densities of liquid mixture are not necessary except those of pure components needed to calculate the volume fractions. 
Result and Discussion
Relations between associations phenomenon in liquids were analyzed earlier [28] by considering van der Waals equation of state which was based only on simple averaged geometrical deviations without analyzing the system in terms of equilibrium. The association phenomenon has been related usually the deviation of different quantities from additivity. Ramaswami and Anbananthan derived the model based on the assumption of linearity of acoustic impedance with the mole fraction of components which was corrected [25] and tested [28] to predict the associational behavior. The quantities analyzed were refractive index, molar volume, viscosity, intermolecular free length. Prediction of ultrasonic velocity from this approach is our first attempt. The results of fittings obtained from the model were utilized properly. The basic doubt regarding this model except the assumption of linearity of ultrasonic velocity with mole fraction is that these liquids have poor affinity to form dimmers. The calculations were performed using a computer program which allows fittings easily both the adjustable parameters simultaneously or the parameters were changed manually.
We constructed the data sheet in a computer program with association constant Kas and ГA,B as the fitted parameters. On changing these parameters, the equilibrium concentrations of species [A], [B] and [AB] will change and the pseudo-Gruneisen parameter can be computed. The difference between experimental and theoretical values for pseudo-Gruneisen parameter is used to obtain the sum of squares of deviation. It is assumed that in solution three associates instead of two are formed (A, B and AB). The values of pseudo-Gruneisen parameter in pure associate can be treated as a fitted one with the value of Kas.
The standard deviation Г can be represented mathematically by Redlich-Kister polynomial equation [26] for correlating the experimental data as;
where y refers to deviation in pseudo-Gruneisen parameter ,y, (Γ), x1 is the mole fraction and Ai is the coefficient. The values of coefficients were determined by a multiple regression analysis based on the least square method and are summarized along with the standard deviations between the experimental and fitted values of the respective function in Table 2 . The values of standard deviations lie between 4.7×10 -2 -2.88 ×10 -3 respectively. The absolute average percent deviations (AAPD) in pseudo-Gruneisen parameter obtained from different models are provided in Table 3 . A care full perusal of Tables 3 and  4 indicate that associated processes provide fairly good results as compared to non-associated. Higher deviation values in PFP model can be explained as the model was developed for non-electrolyte γ-meric spherical chain molecules and the system under investigation have interacting and associating properties. Moreover, the expression used for the computation of thermal expansion coefficient, α and adiabatic compressibility,T [29] are also empirical in nature. Mixture data are presented in Table 4 . Density and speed of sound of mixture data were taken from reference [21] . With the increase of mole fraction, the values of observed pseudo-Gruneisen parameter, observed internal pressure, theoretical pseudo-Gruneisen parameters and theoretical internal pressure obtained from all the models decrease at all temperatures whereas no regular trends are observed for excess pseudo-Gruneisen parameters. For excess properties, sign and magnitude are of much important to describe the molecular interactions involved in the liquid system. Negative values of excess observed pseudo-Gruneisen parameters, Г E Obs for all the systems show the strong molecular interactions between the liquid components. Dispersion type interactions and structural effects arising from interstitial accommodation because of differences in molecular volumes and free volumes between liquid components contribute negative terms to Г E . The repulsive forces between the loan pair of electrons leads to positive values of Г E suggest the presence of weak interactions between the component molecules and the favoring packing of unlike molecules.
Conclusions
Conclusively, models assuming associated processes give more reliable results as compared to non-associated processes and helpful in deducing the internal structure of associates through the fitted values of pseudo-Gruneisen parameter and internal pressure in a hypothetical pure associate and observed dependence of concentration on composition of a mixture.
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